Introduction
Endometrial cancer was one of gynecologic cancers in Thailand. From the study of Tangjitgamol et al., the most common symptom was abnormal uterine bleeding (87.3%) and 78% of them had early stage disease [1] . Radical surgery ± pelvic lymph node dissection (PLND) is the primary treatment for endometrial cancer. Intermediaterisk and high-risk groups had a higher recurrence rate than the low-risk group. For further treatment in these groups, four randomized studies demonstrated a reduction of pelvic recurrences with addition adjuvant external beam radiotherapy (EBRT) plus or minus intravaginal brachytherapy (IVBT) as adjuvant treatment. The most benefit of radiotherapy is to reduce recurrences at the vaginal cuff which is the most common site of failure. In the intervention arm, the recurrence rates were between 1.9% -4%. According to these studies, EBRT ± IVBT has been used to treat as adjuvant treatment for intermediate-risk to high-risk endometrial cancer [2] - [5] . In our department, adjuvant radiotherapy for endometrial cancer has been used for more than 10 years. It is interesting to investigate the treatment results of adjuvant radiotherapy in endometrial cancer in our institute. This study had planned to evaluate results of adjuvant EBRT ± IVBT for endometrial carcinoma in Faculty of Medicine, Chiang Mai University.
Materials and Methods
After the acceptance of institution board review, patients who had ≥18 year old, pathologically proven endometrioid adenocarcinoma with intermediate to high risk for recurrences, Stages I-III according to the International Federation of Gynecology and Obstetrics (FIGO) staging edition of 1998. Complete surgical staging (total abdominal hysterectomy & bilateral salpingo-oophorectomy: TAH & BSO) plus pelvic lymph node dissection (PLND) was performed and the pathological results were reviewed and designed to receive adjuvant EBRT according to the consensus of multidisciplinary team composed of gynecologic oncologist and radiation oncologist. From the year of 2001 to 2009, there were 199 patients with endometrial cancer who were treated and 152 patients were designed to treat by EBRT ± IVBT. All patients received "standard" EBRT to whole pelvis. Vaginal stump and pelvic lymph node were identified as Clinical Target Volume (CTV). For the EBRT, 6 or 10 MV photon was used to treat the vaginal stump and pelvic lymph nodes (obturator, internal iliac, external iliac, and common iliac lymphnodes) in 2-or 4-field techniques. According to the anatomy of the vaginal cuff, either intravaginal cylinder or vaginal ovoid were applied to the areas of vaginal stump and upper third of vaginal length with the prescribed dose at 5 mm from applicator surface. All patients received IVBT with the dose of 5.5 -7 Gy in 1 -4 fractions.
After the treatment finished, patients were scheduled to visit for per vaginal examination (PV exam) in the follow-up program. The follow-up program schedule is every 3 months in the first 3 years after treatment, 6 monthly in years 4 and 5, then annually after five years. A vaginal examination was performed to evaluate the disease status according to World Health Organization (WHO) criteria [6] . Investigations (tissue biopsy, medical imaging or laboratories) for disease progression were performed as indicated when patients presented with suggested symptoms. Late toxicities were evaluated according to the Radiation Therapy Oncology Group/European Organization of Research and Treatment of Cancer (RTOG/EORTC) late toxicity criteria [7] .
All descriptive and qualitative analyses were evaluated. Survival analysis data were calculated by KaplanMeier method and log-rank test and univariate analysis were used to measure the relationship between patient factors to the treatment results using Cox's proportional hazards model [8] - [10] .
Results
From 2002-2009, 152 patients with endometrial adenocarcinoma who received complete surgical staging and adjuvant external beam radiation therapy were enrolled. Thirty percent (46 patients) were Staged IIIC according to FIGO1998 staging and thirty-eight percents (59 patients) were moderately differentiated histology. For the WPRT, 88% of them (134 patients) received the dose of 50 Gy in 25 fractions. For intravaginal brachytherapy, 35% (53 patients) had no brachytherapy boost and the 57 patients (37.5%) received the schedule of 2 × 6 Gy. The characteristic data were shown in Table 1 , Figure 1 and Figure 2 .
At the median follow-up time of 43 months (IQR = 55.5 months), the 5-yr disease-free survival, metastasisfree survival and overall survival rates were 96.9%, 96.9% and 96.9%, respectively. All survival data were shown in Table 2 . For risk factor analyses, stage and age showed statistical significance with the p-value of <0.001 in both factors. No statistical significance was observed in myometrial invasion, cervical involvement and grade. All parameters were shown in Table 3 .
For toxicity profiles, the incidences of late gastrointestinal, genitourinary, skin and subcutaneous tissue toxicities (all grades) were 10.5%, 5.3%, 13.8% and 11.2%, respectively. No Grades 3-4 toxicity was found ( Table  4) .
Discussions
Radiation therapy has been used for a long time as adjuvant treatment for endometrial cancer. Before the publications of randomized studies for adjuvant radiotherapy, many studies showed the promising results with 5-year overall survival rate more than 80% without severe toxicity [11] [12] .
The Gynecologic Oncology Group (GOG) performed a similar trial in patients with lymph node staging (GOG 99). That trial had a slightly different definition of intermediate risk, and included Stage IB, Stage IC, and occult Stage II (involvement of the cervix) disease of all grades. This study showed the improvement in pelvic and vaginal recurrences; the 4-year loco-regional relapse rates were 9% and 1.5% in irradiated versus non-irra- diated patients. The 4-year survival rate of 92% in the radiotherapy arm versus 86% with observation (p = 0.557) [2] . The Postoperative Radiation Therapy in Endometrial Carcinoma (PORTEC) randomized 715 patients with Grades 2 and 3 diseases and <50% myometrial invasion (Stage IB) as well as patients with ≥50% invasion (Stage IC) and Grades 1-2 disease to receive either pelvic radiotherapy or no further treatment. This study showed the improvement in pelvic and vaginal recurrences; the 8-year loco-regional relapse rates were 15% and 4% in treating versus non-treated patients. The 8-year overall survival rate were 71% with radiotherapy versus 77% with observation (p = 0.18). In toxicity profiles, there were 17% for G1-2 gastrointestinal and 8% for G1-2 genitourinary toxicities. Grades 3-4 toxicity was found in 3% [3] .
The study of MRC/ASTEC-EN5 published the results of postoperative radiotherapy in early stage endometrial cancer. Nine hundred and five women with intermediate-risk or high-risk early-stage disease from 112 centers were randomly assigned after surgery to observation (453 patients) or to external beam radiotherapy (452 patients). A target dose of 40 -46 Gy in 20 -25 daily fractions to the pelvis, treating five times a week, was speci-fied. After a median follow-up of 58 months, 135 women died. There was no evidence that overall survival with external beam radiotherapy was better than observation, hazard ratio 1.05 (95% CI 0.75 -1.48; p = 0.77). 5-year overall survival was 84% in both groups. Although there was no benefit in terms of overall survival (hazard ratio 1.04; 95% CI 0.84 -1.29), brachytherapy was used in 51% of observation group [4] .
According to Aalders et al., a subgroup analysis in patients with deep myometrial invasion revealed that the rate of pelvic relapse was lower in the radiotherapy-treated patients, at 6.6% versus 14.7%. In patients with both Grade 3 disease and deep invasion, a 10% improvement in the cancer death rate was seen with the addition of pelvic radiotherapy, and the pelvic relapse rate was lower, at 4.5% versus 20% [5] .
Our study showed good treatment results and acceptable toxicities. At the median follow-up time of 43 months, the 5-yr disease-free survival, metastasis-free survival and overall survival rates were 96.9%, 96.9% and 96.9%, respectively. When compared to other studies (1.9% -4% of the local recurrence rate), our results showed the same tendency. For toxicity profiles, the incidences of Late Grades 1-2 Gastrointestinal, Genitourinary, skin and subcutaneous tissue toxicities (all grades) were 10.5%, 5.3%, 13.8% and 11.2%, respectively. No patient developed serious toxicity (Grades 3-4) in our study. Uni-variate analysis showed the correlations in age and stage. These data represented the treatment results of EBRT±IVBT as adjuvant treatment of endometrial cancer in Northern Thailand.
In recent, the using of EBRT in early-stage endometrial cancer was changed. The phase 3 PORTEC-2 trial was devised to answer the question of whether IVBT is sufficient treatment to prevent vaginal recurrence. Patients who had the high intermediate-risk group with the following features were included in the study; age greater than 60 and Stage IC Grade 1 or 2, or Stage IB Grade 3, Stage IIA (except Grade 3 extending into the outer half of the myometrium). Over 400 patients were randomized to either external beam radiotherapy or vaginal cuff brachytherapy. There was no significant difference in the rates of vaginal and pelvic recurrence at three years which were 2% and 3.5% in the brachytherapy arm versus 1% and 0.6% in the external beam arm. Distant relapse rates were 5.7% with external beam versus 6.3% with brachytherapy. Toxicity and quality of life were evaluated and showed better outcomes in gastrointestinal toxicity (13% in IVBT alone versus 54% in EBRT arm) with IVBT as monotherapy [13] . With PORTEC 2 results, the use of IVBT as monotherapy is an attractive option in early-stage endometrial cancer.
Our study had interesting points to concern. Firstly, there were multiple schedules of IVBT in our patients at that time that might effect to treatment results and toxicities. After the year of 2009, we decided to revise our schedule to be simple. The IVBT was prescribed to 7 Gy in one fraction (at 5 mm from applicator surface) additional to EBRT 50 Gy/25 fractions to increase the dose at the mucosa of vaginal stump. The results of the new schedule will be further reported. Secondly, although no Grades 3-4 toxicity in our patients was observed, the incidences of Grades 1-2 gastrointestinal and dermatologic toxicities were more than ten percents. According to our previous publication of IVBT as monotherapy, only 4.3% of patients developed Grades 1-2 gastrointestinal toxicity [14] . This supports the using of IVBT as monotherapy to replace EBRT in selected patients, especially Stage I endometrial cancer. Thirdly, according to the results of PORTEC2 study, the role of EBRT ± IVBT in our institute changed to the "high-risk" early stage, advanced stage or aggressive histology and the role of IVBT as monotherapy was also changed to the "intermediate-risk" early stage. So the adjuvant radiotherapy in endometrial cancer in our institute was obviously defined in accordance with pathological staging. The treat-ment results of adjuvant radiotherapy in the new era will be evaluated in the near future.
Conclusion
Our study showed the results of adjuvant radiation therapy for endometrial cancer in Faculty of Medicine, Chiang Mai University with good treatment results and no Grades 3-4 chronic toxicity was observed.
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